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Abstract: Ferri%c/martensi%c steels are preferred over austeni%c stainless steels for nuclear applica%ons because of their

excep%onal swelling resistance and thermal proper%es. In a Journal of Nuclear Materials paper in 2000, Garner, Toloczko,

and Sencer (GTS) took issue with the “conven%onal wisdom” of superior swelling resistance of the ferri%c/martensi%c steels

and	concluded	they	had	a	much	higher	swelling	rate	than	previously	reported.

The GTS theory is based on crystal structure and does not depend on microstructure. In developing the theory from

observa%ons on simple ferri%c alloys, GTS ignored inves%ga%ons on several heats of the ferri%c/martensi%c steel HT9 that

had superior swelling resistance with low steady-state swelling rates. Data from those studies showed considerable

varia%on	in	swelling	for	different	heats	and	heat	treatments.		The	origin	of	the	varia%on	has	not	been	explained.

Garner recently used the GTS analysis to cast doubt on the superior swelling behavior of HT9 by presen%ng ion-irradia%on

data	showing	HT9	behaves	according	to	the	GTS	hypothesis.

The	objec%ve	of	the	proposed	presenta%on	is:

* Demonstrate the difference between the complicated microstructure of ferri%c/martensi%c steels and the simple

microstructures	of	alloys	cited	by	GTS	to	support	their	hypothesis.

* Describe an analysis of literature data from swelling studies on HT9 that contradicts the GTS hypothesis and

demonstrates	how	microstructural	effects	explain	the	varia%on	in	swelling	proper%es	observed	in	those	studies.

* Show how the HT9 microstructure leads to an explana%on for varia%on of swelling resistance for different heats and

different	heat	treatments.

* Present an equa%on that describes the effect of microstructure on swelling behavior of HT9 and other

ferri%c/martensi%c	steels.

* Apply the equa%on to Garner’s recent ion-irradia%on results for HT9, explain how microstructure is the reason for

the observed behavior, and demonstrate the irrelevance of the observa%ons to properly heat treated (normalized-and-

tempered)	ferri%c/martensi%c	steels.

* Discuss the implica%ons of detailed observa%ons on microstructure and the equa%on for (1) development of F/M

steels with improved radia%on resistance, (2) development of swelling and hardening models, (3) swelling calcula%ons from

TEM	observa%ons,	and	(4)	effect	on	proper%es	other	than	swelling	(e.g.,	irradia%on	creep,	thermal	creep,	etc.).
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